INTRODUCTION
Insulin resistance, characterized by a decrease in cell sensitivity to insulin, is one of the leading causes of metabolic abnormalities. Considering metabolic abnormalities at a young age increase the risk of cardiovascular diseases during adulthood, it is critical to diagnose insulin resistance in adolescents.
Insulin resistance can be measured directly using the pancreatic suppression test, the hyperinsulinemic-euglycemic clamp technique, or the minimal model approximation of the metabolism of glucose (1) (2) (3) (4) . These tests are invasive, complicated, and cost-intensive procedures; therefore, simpler, indirect methods have been proposed for use in epidemiological and clinical studies. Homeostasis model assessment of insulin resistance (HOMA-IR), derived from the product of the fasting levels of insulin and glucose, is a robust tool used as a surrogate measure for insulin resistance (5) (6) (7) (8) . Several population based studies were conducted to establish cut-off values of HOMA-IR using receiver operating characteristic (ROC) curves for metabolic syndrome for the clinical usefulness (9) (10) (11) (12) (13) (14) . Since the measurement of fasting insulin is cumbersome with no standard assay available, an insulin-free equation for estimating insulin resistance was sought and developed. In 2010, the product of the fasting levels of triglycerides and glucose (TyG), the so-called triglycerides and glucose index (TyG index), was suggested as a useful surrogate measure for insulin resistance in healthy adults (15) . However, data for adolescents are lacking and a cut-off value has yet to be determined.
The aim of this study was to find ethnic-and gender-specific characteristics of TyG index in a representative sample of Mexican American, Non-Hispanic White, Non-Hispanic Black, and Korean adolescents and to establish valid cut-off values for metabolic abnormalities.
https://doi.org/10.3346/jkms.2017. 32.3.427 and Prevention (KCDC) for non-institutionalized Korean civilians between 2005 and 2013. The KNHANES is a cross-sectional and nationally representative survey with a multistage and stratified sample design. A total of 92,568 individuals participated in the survey during this period and the number of eligible participants for the present study was 4,873. Exclusion criteria were subjects with incomplete data (demographic, anthropometric, or laboratory), subjects under 12 or over 19 years of age, subjects who did not fast for at least 8 hours before testing, pregnant females, subjects who received medication for diabetes mellitus or asthma.
Measurement of metabolic risk factors
In the NHANES, waist circumference (WC) was measured using flexible tape between the uppermost lateral border of right ilium and that of left ilium. Blood pressure (BP) was measured 3 times in the sitting position after at least 5 minutes of rest. The average of the 3 recorded systolic and diastolic BP values was used in the analyses. Fasting plasma concentrations of triglycerides and high-density lipoprotein cholesterol (HDL-C) were measured according to standard procedures using an Hitachi 704 analyzer (Hitachi, Tokyo, Japan 
Definitions
There is no consensus regarding the diagnosis of metabolic syndrome in adolescents. In the present study, we used 3 different definitions for metabolic syndrome, 2 proposed by Cook et al. (21) and de Ferranti et al. (22) and based on the criteria of the NCEP/ATP III modified for pediatric age; the third definition was proposed by the International Diabetes Federation (IDF) (23) . Definitions are summarized in Table 1 . The standard formula for TyG index was as follows:
Statistical analysis
Data, including the demographic data, medical condition, anthropometric, and clinical measures, as well as, laboratory results, are presented as the mean and standard deviation, or prevalence (%) and 95% confidence interval (CI). The independent sample t-test was used to compare continuous variables and Pearsonf's χ 2 test was used to compare proportions according (9, 24) ; therefore, data were analyzed separately for gender and ethnicity. The estimated cut-off values were determined using the highest score of the Youden index in a sensitivity dominant area. Analyses were performed using SPSS version 21.0 software (IBM, Armonk, NY, USA).
Ethics statement
Institutional Review Board of Hanyang University Hospital (Seoul, Korea) approved the study protocol (IRB No. HYUH 2016-10-020), and informed consent was not required.
RESULTS

Baseline characteristics
Overall, data from 3,164 participants (1,673 males and 1,491 females) from the US and 4,873 participants (2,590 males and 2,283 females) from Korea were assessed. The anthropometric, clinical, and biochemical characteristics of the participants by ethnicities and gender are summarized in Table 2 (21) Table 4 .
DISCUSSION
TyG index has been proposed as a good surrogate for insulin sensitivity. It was significantly correlated with total glucose metabolism rates in hyperinsulinemic-euglycemic clamp studies among Mexican and Brazilian populations (14, 25, 26) . A modest correlation between the TyG index and insulin-stimulated glucose uptake during insulin suppression testing has also been reported (27) and several population-based studies have demonstrated the clinical usefulness of the TyG index as a surrogate measure for insulin resistance (28) (29) (30) (31) . However, population-based studies of ethnic-and genderspecific characteristics of TyG index in adolescents are lacking; therefore, the present study determined the characteristics of TyG index in a representative sample of Mexican American, NonHispanic White, Non-Hispanic Black, and Korean adolescents. In present study, Non-Hispanic Black adolescents had signifi- TyG = triglycerides and glucose, NHANES = National Health and Nutrition Examination Survey, KNHANES = Korean National Health and Nutrition Examination Survey. For this reason, several population-based studies have used metabolic syndrome as the indicator of insulin resistance and provided cut-off values using ROC curves for metabolic syndrome (9) (10) (11) (12) (13) (14) . To determine a valid cut-off value, we also performed ROC curve analysis for metabolic syndrome. As there is no consensus regarding the diagnosis of metabolic syndrome in adolescents, we used 3 metabolic syndrome definitions commonly used in adolescents and estimated cut-off values for each definition.
There was a high AUC of TyG index for each metabolic syndrome definition. This was expected because the TyG index includes TyG in their equations, which are major components of metabolic syndrome. In NHANES, there were no differences in cut-off values between Mexican American and Non-Hispanic White adolescents. Their optimal cut-off value was 8 (21) , and IDF, respectively and these values were slightly lower than those in Mexican American and Non-Hispanic White adolescents. This study is the first to estimate cut-off values for TyG index in adolescents; therefore, we cannot compare our results with other studies. The diagnosis of metabolic syndrome in adolescents varies widely and is inconsistent due to the lack of consensus on how to define metabolic syndrome in adolescents (40) . Therefore, measurement of insulin resistance can contribute to the diagnosis of metabolic abnormalities in adolescents. Our results are clinically useful for measuring severity of insulin resistance by proposing criteria for metabolic abnormality of TyG index in adolescents.
The present study had several potential limitations. First, the data from US and Korean adolescents may not be comparable because of differing laboratory methods used to determine concentrations of lipids and glucose. Second, sub-group analysis by sexual maturation stage was not conducted because of lack of data. Third, sub-group analysis by gender in Non-Hispanic White and Non-Hispanic Black adolescents was not completely analyzed because of the small sample size. Fourth, although TyG index is significantly correlated with total glucose metabolism rates using the hyperinsulinemic-euglycemic clamp technique in adults, it has not yet been determined in adolescents. With all these limitations, this study is the first to attempt to define the characteristics of TyG index and estimate cut-off values in adolescents by ethnicity and gender.
In conclusion, the cut-off values for TyG index ranged from 8.45 to 8.65 in Mexican American, Non-Hispanic White, from 
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